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31  December  1996 


Captain  Ed  Marchand 
AFCEE/ERT 

3207  North  Road,  Building  532 
Brooks  AFB,  TX  78235-5363 

Subject:  Operations  and  Maintenance  Manual,  Record  Drawings,  and  Summary  of 

Initial  Results  for  Expanded  Bioventing  System  at  Installation  Restoration 
Program  (IRP)  Site  11,  Beale  Air  Force  Base,  California 
(Contract  No.  F4 1624-92-803 6,  Order  17) 

Dear  Captain  Marchand: 

This  letter  transmits  three  copies  of  the  Operations  and  Maintenance  (O&M)  Manual 
prepared  for  the  expanded  bioventing  system  installed  at  IRP  Site  11,  Beale  Air  Force  Base 
(AFB),  California.  We  are  also  including  one  set  of  record  drawings  for  the  installed  system. 
This  letter  provides  a  summary  of  the  work  performed  by  Parsons  Engineering  Science,  Inc. 
(Parsons  ES)  at  IRP  Site  11  between  May  and  August  1996,  and  presents  initial  system 
operating  parameters  and  sampling  results.  Copies  of  this  letter,  two  sets  of  record  drawings, 
and  three  copies  of  the  O&M  Manual  also  have  been  sent  to  Ms.  Carol  Gaudette  at  Beale 
AFB. 

Summary  of  Field  Activities 

The  previously  installed  pilot-scale  bioventing  system  at  the  site,  consisting  of  one  air 
injection  vent  well  (VW)  and  three  soil  vapor  monitoring  points  (VMPs),  was  expanded  by 
installing  two  additional  air  injection  VWs;  two  additional  VMPs;  an  upgraded  blower 
system;  and  associated  piping,  controls,  and  electrical  service.  The  system  was  installed 
south  of  Building  1225,  the  Aircraft  Ground  Equipment  (AGE)  Maintenance  facility.  Figure 
1  (attached),  taken  from  the  record  drawings,  shows  the  site  layout  with  the  locations  of  the 
bioventing  system  components.  Complete  record  drawings  showing  the  final  design  details 
of  the  system  components  are  provided  in  the  attached  O&M  Manual. 

System  installation  was  performed  by  Parsons  ES  and  subcontractors  under  the  supervision 
of  Parsons  ES  between  May  28  and  July  8,  1996.  System  startup  and  monitoring  was 
performed  by  Parsons  ES  personnel  between  July  9  and  August  6,  1996.  The  system  was 
installed  and  monitored  as  described  in  the  Work  Plan  for  Expanded  Bioventing  System, 
Aircraft  Ground  Equipment  (AGE)  Maintenance  Area,  IRP  Site  11,  Beale  Air  Force  Base, 
California  (Parsons  ES,  1995).  There  were  no  significant  deviations  from  the  work  plan. 
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Summary  of  Initial  Sampling  Results 

Five  soil  and  seven  soil  vapor  samples  were  collected  by  Parsons  ES  for  laboratory  analysis 
prior  to  system  startup  to  establish  baseline  conditions.  The  soil  samples  were  analyzed  by 
Curtis  and  Tompkins.  Ltd.  of  Berkeley,  California  for  benzene,  toluene,  ethylbenzene,  and 
xylenes  (BTEX),  total  petroleum  hydrocarbons  (TPH),  and  halogenated  volatile  organic 
compounds  (HVOCs).  Soil  samples  with  detectable  concentrations  of  total  TPH  or  BTEX 
were  also  analyzed  for  soluble  concentrations  of  TPH  and  BTEX.  One  soil  sample  from  an 
uncontaminated  interval  was  analyzed  for  total  organic  carbon  (TOC). 

The  soil  vapor  samples  were  analyzed  by  Air  Toxics,  Ltd.  of  Folsom,  California  for  volatile 
organic  compounds  (VOCs),  including  HVOCs,  BTEX,  and  TPH.  In  addition,  soil  vapor 
samples  were  analyzed  in  the  field  using  direct-reading  instruments  for  oxygen,  carbon 
dioxide,  total  volatile  hydrocarbons  (TVH),  and  ionizable  compounds.  Soil  and  soil  vapor 
results  are  summarized  in  Tables  1, 2,  and  3,  and  sampling  locations  are  shown  on  Figure  1. 

The  results  from  this  investigation  generally  agreed  with  results  from  prior  investigations 
(Law,  1995).  Based  on  the  soil  and  soil  vapor  sample  results  collected  during  this 
investigation  and  prior  investigations,  the  horizontal  and  vertical  extent  of  contamination  has 
been  well  characterized.  Hydrocarbon  contamination  at  the  site  is  concentrated  in  the  soil 
zone  extending  from  a  depth  of  approximately  5  feet  below  ground  surface  (bgs)  to  30  bgs, 
based  on  soil  headspace  screening  during  drilling  operations,  the  analytical  results  for  soil 
and  soil  vapor,  and  the  field  results  for  soil  vapor.  The  contamination  is  primarily  located  in 
vadose  zone  soils  around  and  beneath  the  former  underground  storage  tanks  (USTs)  and 
immediately  north  of  the  paved  area  near  the  fuel  pump  island  and  drainage  channel,  where 
spills  from  refueling  operations  have  occurred.  The  previously  installed  pilot-scale  system 
was  designed  to  remediate  vadose  zone  soils  associated  with  the  former  USTs  and  the 
expanded  system  was  designed  to  additionally  remediate  vadose  zone  soils  north  of  the  paved 
area. 

For  soil  samples  collected  during  this  investigation,  the  maximum  concentrations  of  TPH 
(2,500  milligrams  per  kilogram  [mg/kg])  and  BTEX  (310.8  mg/kg)  were  detected  in  the 
sample  collected  from  10  feet  bgs  at  VW-2.  Contaminated  soil  in  this  area  was  found  to  have 
the  highest  soil  vapor  concentrations  during  a  previous  soil  vapor  survey  conducted 
throughout  the  site  (Law,  1995),  but  was  beyond  die  radius  of  influence  of  the  pilot-scale 
bioventing  system  installed  by  Parsons  ES  in  1993  (ES,  1993).  At  the  remaining  soil  sample 
locations,  total  TPH  concentrations  did  not  exceed  300  mg/kg  and  soluble  TPH  and  BTEX 
were  not  detected.  HVOCs  were  not  detected  in  any  of  the  soil  samples  collected  at  the  site 
during  this  or  prior  investigations. 

For  soil  vapor  samples  collected  during  this  investigation,  the  maximum  concentrations  of 
TPH  (4,200  parts  per  million  by  volume  [ppmv])  and  BTEX  (150  ppmv)  were  detected  in  the 
sample  collected  from  24  feet  bgs  at  VMP-3  (VMP3-24).  VMP-3  is  located  outside  the 
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former  UST  excavation,  but  near  the  surface  water  drainage  channel  where  surface  spills 
from  refueling  operations  probably  have  collected.  VMP-3  was  located  within  the  expected 
radius  of  influence  of  the  pilot  test  bioventing  system;  however,  the  soil  vapor  analytical  and 
field  results  indicate  that  some  residual  soil  contamination  probably  still  exists  in  the  near 
surface  soils  near  VMP-3.  It  is  worth  noting  that  although  soil  vapor  concentrations  were 
highest  at  VMP3-24,  the  TPH  and  BTEX  concentrations  measured  during  this  investigation 
are  lower  than  those  measured  at  this  same  location  in  1994  after  one  year  of  pilot  test 
operations  (4,900  ppmv  TPH  and  430.7  ppmv  BTEX).  HVOCs  were  detected  at  relatively 
low  concentrations  (less  than  3  ppmv)  during  this  investigation,  consistent  with  the  results 
from  prior  investigations.  Based  on  these  soil  vapor  concentrations  and  the  lack  of  detectable 
HVOCs  in  soil,  there  does  not  appear  to  be  a  significant  source  of  HVOCs  within  the  area  of 
the  expanded  bioventing  system. 

Based  on  equilibrium  soil  vapor  concentrations  measured  during  this  investigation  and  those 
measured  initially  at  the  site  in  May  1993  (Parsons  ES,  1995;  ES,  1993),  bioventing  has  been 
successful  in  reducing  TPH  and  BTEX  concentrations  and  oxygen  demand  of  vadose  zone 
soils  at  the  former  UST  location.  However,  there  still  appears  to  be  some  oxygen  demand  in 
the  shallower  soils  based  on  lower  oxygen  concentrations  measured  at  VMP1-24,  VMP2-24, 
VMP3-24,  and  VMP5-10.  Although  depleted  oxygen  concentrations  and  relatively  higher 
hydrocarbon  concentrations  in  soil  vapor  were  not  measured  at  VW-2  (the  location  of  the 
maximum  soil  hydrocarbon  concentrations),  the  long  screened  interval  necessary  for  the  VW 
construction  probably  produced  a  soil  vapor  sample  that  is  a  composite  from  both 
contaminated  and  uncontaminated  soil  conditions.  Extended  air  injection  into  VW-2  and 
VW-3  should  result  in  successful  oxygen  delivery  and  remediation  of  contaminated  soils 
which  are  within  the  screened  depths  and  the  treatment  radius  of  the  VWs. 

Initial  Operation  Parameters 

The  expanded  bioventing  system  was  started  on  July  9,  1996.  Air  was  injected  only  into 
VW-2  and  VW-3  so  that  all  5  VMPs  could  be  used  to  evaluate  potential  vapor  migration 
from  the  areas  of  the  site  undergoing  air  injection  for  the  first  time.  The  air  injection  flow 
rate  for  both  VW-2  and  VW-3  was  adjusted  to  approximately  10  cubic  feet  per  minute  (cfin) 
(a  total  blower  flow  rate  of  20  cfm).  This  air  flow  rate  was  calculated  to  be  sufficient  to  meet 
the  oxygen  demand  of  contaminated  soils  based  on  respiration  tests  conducted  during  the 
bioventing  pilot  test  at  the  site  (ES,  1993)  and  based  on  design  methods  detailed  in  the 
general  engineering  evaluation/cost  analysis  (EE/CA)  document  for  bio  venting  (AFCEE, 
1996).  The  air  injection  pressure  was  10  inches  of  water.  Air  flow  rate  and  pressure  readings 
also  were  taken  24  hours  after  system  startup.  The  air  flow  rate  into  VW-3  increased  slightly 
to  1 1  cfm  and  was  readjusted  to  10  cfm.  The  air  flow  rate  into  VW-2  remained  constant  at  10 
cfm.  The  air  injection  pressure  remained  constant  at  10  inches  of  water. 
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The  VMPs  at  the  site  were  primarily  installed  to  evaluate  potential  vapor  migration; 
therefore,  the  VMPs  are  located  near  the  expected  radius  of  influence  of  the  VWs  and  at 
approximately  the  same  distance  from  the  VWs.  Therefore,  as  expected,  the  pressure 
response  measured  at  the  VMPs  did  not  vary  significantly.  The  pressure  response  after  24 
hours  of  air  injection  was  measured  between  0.80  and  1.0  inches  of  water  in  all  VMP 
intervals  except  VMP-5  at  40  feet  bgs,  where  it  was  measured  slightly  higher  at  1.4  inches  of 
water.  Based  on  pressure  response  and  soil  air  permeability  measured  during  the  pilot  test, 
the  pressure  responses  after  24  hours  were  probably  not  indicative  of  steady-state  conditions 
and  were  expected  to  decrease  with  extended  air  injection. 

Evaluation  of  Potential  Vapor  Migration 

At  the  request  of  the  California  Regional  Water  Quality  Control  Board  (RWQCB),  Central 
Valley  Region,  and  California  Department  of  Toxic  Substances  Control  (DTSC),  potential 
vapor  migration  was  evaluated  by  performing  an  additional  soil  vapor  monitoring  event  on 
August  6,  1996,  approximately  4  weeks  after  system  startup.  All  VMP  intervals  were 
sampled  and  analyzed  in  the  field  using  direct-reading  instruments  for  oxygen,  carbon 
dioxide,  TVH,  and  ionizable  compounds.  In  addition,  all  VMPs  that  were  initially  sampled 
for  analytical  laboratory  analysis  were  resampled  for  analytical  laboratory  analysis  at  the  4- 
week  monitoring  event  using  the  same  methods.  The  analytical  sampling  results  are  shown 
in  Table  2  and  the  field  sampling  results  are  shown  in  Table  3.  A  comparison  of  field 
sampling  results  for  the  initial  and  4-week  monitoring  events  is  shown  on  Figure  2. 

With  the  exception  of  the  sample  taken  at  VMP-4  at  10  feet  bgs  (VMP4-10),  no  significant 
increases  in  soil  vapor  concentrations  were  measured.  Most  concentrations  either  remained 
at  approximately  the  same  level  or  decreased.  For  those  locations  where  concentrations 
increased  (including  VMP4-10),  the  field  screening  and  analytical  laboratory  results  indicate 
that  the  increases  were  primarily  due  to  movement  of  petroleum  hydrocarbon  vapors  and  not 
due  to  movement  of  HVOCs.  These  hydrocarbon  vapors  are  expected  to  biodegrade  as  they 
move  horizontally  through  the  soil.  The  lack  of  significant  increases  in  HVOC 
concentrations  in  soil  vapor  are  consistent  with  the  results  from  analytical  soil  samples,  in 
which  no  detectable  concentration  of  HVOCs  were  found. 

Ambient  air  monitoring  was  also  conducted  during  system  startup  operations  as  required  in 
the  work  plan;  no  detectable  concentrations  (>  1  ppmv)  of  TVH  or  ionizable  compounds 
were  measured.  The  lack  of  detectable  concentrations  measured  in  ambient  air  during 
operation  of  the  expanded  bioventing  system  using  field  instruments  is  consistent  with  more 
detailed  ambient  air  monitoring  conducted  at  the  site  during  pilot  test  operations  using  an 
emission  isolation  flux  chamber  and  samples  submitted  for  analytical  laboratory  analysis 
(ES,  1993). 
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Extended  Operation  Parameters 

Oxygen  and  carbon  dioxide  concentrations  were  measured  in  soil  vapor  at  the  VMPs  before 
system  startup  and  at  the  4-week  monitoring  event  to  determine  the  volume  of  soil  being 
oxygenated  by  the  expanded  bio  venting  system.  Air  injection  was  continued  at  only  VW-2 
and  VW-3.  The  air  injection  flow  rates  and  air  injection  pressure  remained  constant  between 
the  initial  startup  and  the  4-week  monitoring  event.  Based  on  increases  in  oxygen 
concentration  at  most  depths  at  VMP-3,  VMP-4,  and  VMP-5  and  smaller  changes  or 
decreases  in  oxygen  concentrations  at  VMP-1,  VMP-2,  and  VW-1,  the  estimated  radius  of 
oxygen  influence  is  between  70  and  80  feet,  consistent  with  the  results  from  the  pilot  test 
operations. 

As  expected,  pressure  response  measured  in  the  VMPs  decreased  between  initial  startup  and 
extended  operations.  The  steady-state  pressure  response  after  extended  operations  was 
measured  between  0.15  and  0.39  inches  of  water  in  all  VMP  intervals  except  VMP-4  at  10 
feet  bgs,  where  it  was  measured  at  0.02  inches  of  water.  The  pressure  responses  were 
consistent  with  the  results  from  oxygen  monitoring  and  indicate  that  the  VMPs  are  near  or 
slightly  beyond  the  effective  treatment  radius  established  with  air  injection  at  VW-2  and 
VW-3. 


Recommendations 

Since  vapor  migration  of  HVOCs  does  not  appear  to  be  a  concern  at  the  site,  the  effective 
treatment  radius  could  be  improved  by  injecting  air  into  VW-1  in  addition  to  the  current  air 
injection  into  VW-2  and  VW-3.  By  adding  air  injection  at  VW-1  at  the  same  air  flow  rate  of 
10  cfm,  the  treatment  radius  could  be  expanded  to  include  the  soils  previously  being  treated 
by  the  pilot  test  system  near  the  former  USTs,  but  without  increasing  the  potential  for  vapor 
migration.  The  soils  near  the  former  USTs  still  appear  to  be  somewhat  oxygen  depleted 
based  on  both  initial  soil  vapor  oxygen  concentrations  and  those  measured  at  the  4-week 
monitoring  event  at  VMP  1-24  and  VMP2-24. 

As  recommended  in  the  work  plan,  since  HVOCs  were  not  detected  in  soil  samples  collected 
during  this  investigation  and  are  not  migrating  due  to  air  injection,  Parsons  ES  also 
recommends  that  analysis  for  HVOC  be  eliminated  from  future  soil  and  soil  vapor  sampling 
at  the  site.  Once  concurrence  has  been  received  from  the  RWQCB  and  the  DTSC,  air 
injection  into  VW-1  will  be  initiated  and  soil  and  soil  vapor  samples  collected  for  future 
laboratory  analysis  will  only  be  analyzed  for  TPH  and  BTEX. 

This  site  has  also  been  funded  for  Options  1  and  2  under  the  AFCEE  Extended  Bioventing 
Project.  Option  1  involves  O&M  support  for  1  year  and  system  monitoring  at  the  end  of  the 
year.  The  O&M  support  period  began  following  system  startup  and  will  continue  until  mid- 
July  1997.  In  late  August  1997,  Parsons  ES  will  return  to  the  site  and  perform  respiration 
testing  and  soil  vapor  sampling.  The  results  of  these  monitoring  activities  will  be  used  to 
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develop  recommendations  for  further  action  at  this  site.  If  Option  1  sampling  results  indicate 
that  the  site  can  be  closed  after  the  initial  year  of  bioventing  system  operation,  closure  soil 
sampling  (Option  2)  may  be  performed. 

If  you  have  any  questions  or  comments  regarding  the  information  contained  in  this  letter  or  in 
the  enclosed  O&M  Manual,  please  contact  Marcus  Pierce  or  myself  at  (510)  769-0100. 

Very  truly  yours, 


PARSONS  ENGINEERING  SCIENCE,  INC. 


Michael  B.  Phelf 
Site  Manager 

Senior  Environmental  Engineer 


MBP/bd 

Attachments:  References,  Figure  1-2,  Tables  1-3 
Enclosure:  O&M  Manual 

cc:  John  Ratz  (Parsons  ES  -  Denver,  Project  Manager) 
Marcus  Pierce  (Parsons  ES  -  Alameda) 

Carol  Gaudette  (Beale  AFB) 
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SOIL  ANALYTICAL  SAMPLING  RESULTS 

EXPANDED  BIOVENTING  SYSTEM 
IRP  SITE  11  -  BEALE  AFB,  CALIFORNIA 

_ _ Sample  Location  -  Depth  (feet  below  ground  surface)  _ 

Analyte  |  Units  [  Method  VW2-10  |  VW2-50.5  |  VW3-24  |  VMP4-13  |  VMP5-18.5 
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SOIL  VAPOR  ANALYTICAL  SAMPLING  RESULTS 

EXPANDED  BIO  VENTING  SYSTEM 

IRP  SITE  11  -  BEALE  AFB,  CALIFORNIA _ 

_ Sample  Location  -  Screen  Depth  (feet  below  ground  surface)  _ _ 

I  VW3-C10-401  I  VMP3-24  |  VMP4-10  |  VMP4-30  1  VMP5-10 


MB  :  Trimethylbenzene  [0.50]  :  Field  duplicate  analysis  result 

n.a.  :  Not  analyzed 
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